INTRODUCTION
In the absence of curative therapy, the goal of treatment for multiple myeloma (MM) is prolonged overall survival (OS). Recent studies have suggested that over the past decade, the introduction of high-dose therapy for eligible patients age Յ 65 years and the novel agents bortezomib, thalidomide, and lenalidomide as rescue therapies has increased OS for patients with MM. [1] [2] [3] However, improvements have been less pronounced in elderly patients [1] [2] [3] ; the unmet need in this population may be addressed through optimal use of chemotherapy plus novel agents. 1, [4] [5] [6] [7] Use of novel agent-based regimens in previously untreated patients ineligible for high-dose therapy has resulted in improved response rates and long-term outcomes, such as time to progression (TTP) and progression-free survival (PFS), compared with conventional regimens. 8 However, analysis of OS is becoming increasingly complicated due to the impact of novel agents as rescue therapies. Indeed, only two 4,9 of five 4,6,9-11 phase III trials of thalidomide plus melphalan and prednisone (MPT)
JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T V O L U M E
2 8 ⅐ N U M B E Rversus melphalan and prednisone (MP) have shown an OS benefit with MPT. Moreover, it has been suggested that first-line use of novelagents,althoughinitiallymoreeffectivethanconventionalchemotherapy regimens, could induce more resistant relapses. 7,12-14 Accordingly, it is of increasing interest to analyze response to subsequent therapies in patients treated upfront with novel agents.
The first report of the international, randomized phase III VISTA trial demonstrated superior efficacy with bortezomib plus melphalan and prednisone (VMP) versus MP in previously untreated patients with MM ineligible for high-dose therapy. 15 Follow-up was limited at first analysis (median, 16.3 months); 12% of patients remained on therapy. 15 We now present updated analyses of OS, time to next therapy (TNT), and treatment-free interval (TFI) to determine whether initial findings of superior efficacy with VMP versus MP are confirmed after prolonged follow-up and more extensive use of subsequent therapy. We also focus on survival from the start of subsequent therapy and response to rescue therapies, to explore whether VMP induced more resistant relapses than MP, and whether VMP used upfront appeared more beneficial than using conventional treatment upfront and saving novel agents until relapse.
PATIENTS AND METHODS

Patients and Study Design
VISTA study details have been reported. 15 Briefly, patients with previously untreated MM who were ineligible for high-dose therapy were randomly assigned to receive nine 6-week cycles of VMP 16 using a central laboratory for M-protein quantification and immunofixation and a validated algorithm. Patients were then followed at least every 12 weeks for survival and subsequent therapy use. Safety was assessed until 30 days postlast dose of study drug; adverse events (AEs) were graded according to National Cancer Institute Common Toxicity Criteria for Adverse Events version 3.0. All patients provided written informed consent. Review boards at all participating institutions approved the study, which was conducted according to the provisions of the Declaration of Helsinki, the International Conference on Harmonization, and the Guidelines for Good Clinical Practice.
Initial and Updated Analyses
VISTA was stopped at the third preplanned interim analysis based on independent data monitoring committee recommendation, as the statistical boundary for the primary end point, TTP, had been crossed. Data cutoff was June 15, 2007 ; median follow-up was 16.3 months. 15 Eighty patients remained on treatment (47 VMP, 33 MP). 15 Updated analyses were performed using data collected through March 16, 2009 . After the study was stopped, formal centralized collection of M-protein data was stopped and thus subsequent data on response rates, TTP, and PFS were not updated because the information would not have been based on the same stringent methodology as the initial analysis. Data collection continued for OS, subsequent therapy use, best responses to subsequent therapies as reported by investigators, and safety, including improvement/resolution of AEs (until 30 days post-treatment completion).
Statistical Analysis
OS (random assignment until death), TNT (random assignment until first dose of subsequent anti-MM therapy), and TFI (last dose of VISTA study drug until first dose of subsequent anti-MM therapy) were analyzed using Kaplan-Meier methodology. Time-to-event data were compared between arms using stratified log-rank tests in intent-to-treat analyses. In posthoc analyses among patients treated with VMP, OS was evaluated within subgroups with/without poor prognostic characteristics, including advanced age, impaired renal function, and high-risk cytogenetics. In exploratory posthoc analyses, survival was evaluated from random assignment and from start of subsequent therapy by arm in patients who had received any subsequent therapy and according to subsequent therapy received. Safety was analyzed in all patients who received at least one dose of study drug. Rates of treatment-emergent AEs were analyzed overall and by treatment cycle.
RESULTS
Patient Characteristics and Disposition
A total of 682 patients were randomly assigned to receive VMP (n ϭ 344) or MP (n ϭ 338). Baseline demographics and disease characteristics were previously reported, 15 and are summarized in Appendix Table A1 (online only). Overall, median age was 71 years, 30% of patients were age Ն 75 years, 34% had International Staging System 17 stage III MM, and 33% had ␤ 2 -microglobulin higher than 5.5 mg/L. At the initial analysis, VMP was superior to MP across all efficacy end points, including response rate (71% v 35%), complete response (CR) rate (30% v 4%), TTP (median, 24.0 v 16.6 months; hazard ratio [HR], 0.48; P Ͻ .001), and OS (HR, 0.61; P ϭ .008). 15 Data not updated (see Patients and Methods) are summarized in Appendix Table A2 (online only).
Updated patient disposition at data cutoff for this analysis (March 16, 2009 ) is shown in Figure 1 
OS
After median follow-up of 36.7 months, OS was prolonged with VMP versus MP (HR, 0.653; P Ͻ .001), with VMP associated with a 35% reduced risk of death. Median OS was not estimable versus 43.1 months in the VMP and MP arms, respectively, with 109 (32%) and 148 (44%) patients having died (Fig 2A) ; 3-year OS rates were 68.5% versus 54.0%, respectively. The improved OS with VMP versus MP in patient subgroups predefined by age, sex, race, ␤ 2 -microglobulin, albumin, region, International Staging System stage, and creatinine clearance is shown in Appendix Figure A1 (online only).
Subsequent Therapy
At data cutoff, 178 (52%) and 233 patients (69%) in the VMP and MP arms, respectively, had received subsequent therapy. TNT and TFI with VMP versus MP are shown in Figure 3 ; median TNT was 28.1 months versus 19.2 months (HR, 0.527; P Ͻ .001), and median TFI was 17.6 months versus 8.4 months (HR, 0.543; P Ͻ .001). In the VMP and MP arms, 42.7% and 18.1% of patients, respectively, had a TFI of Ն 2 years.
Novel agents received as part of subsequent anti-MM therapy are summarized in Appendix Received/Died Prior to Subsequent Therapy (%) Fig 3. (A) Time to next therapy (TNT) and (B) treatment-free interval (TFI) with bortezomib, melphalan, and prednisone (VMP) and melphalan and prednisone (MP). HR, hazard ratio. Abbreviations: VMP, bortezomib, melphalan, and prednisone; MP, melphalan and prednisone; CR, complete response; PR, partial response.
‫ء‬
Patients could have received more than one agent, either within the same combination regimen, as part of consecutive separate regimens within the same line of therapy, or as part of separate regimens within different subsequent lines of therapy. These patients are included in each of the relevant groups.
†Percentage response rates calculated using the number of patients with data as the denominator. No. with data represents the numbers of patients for whom the investigators reported the response to subsequent therapy; in each arm, responses to subsequent therapy were unknown or missing for some of the total number of patients who received the subsequent therapy.
lenalidomide. Investigator-reported best responses to novel agentbased subsequent therapies are summarized in Table 1 . Response rates to second-line bortezomib-, thalidomide-, and lenalidomide-based therapies were 41%, 37%, and 73%, respectively, after VMP, and 59%, 47%, and 67%, respectively, after MP; respective response rates to therapies received at third line and beyond were 47%, 53%, and 44% after VMP, and 55%, 55%, and 43% after MP. Efficacy of bortezomibbased re-treatment as second-line therapy in patients randomly assigned to VMP was evaluated according to TFI. Among 16 patients with TFI Յ 12 months, response rate was 25%, including 6% CR. Among nine patients with TFI longer than 12 months, response rate (in seven with response reported) was 71%, including 14% CR. Figure 2B shows OS from initial random assignment among patients treated with VMP and MP who received subsequent therapy (HR, 0.688; P ϭ .021); 3-year OS rates were 67.9% and 55.9%, respectively. The OS advantage with VMP was also seen versus the subgroup of patients treated with MP who received bortezomib as second-line therapy (data not shown). Median survival from start of subsequent therapy was 30.2 and 21.9 months after VMP and MP, respectively (Fig 2C; HR, 0.815; P ϭ .21). Notably, survival from start of subsequent therapy was similar after VMP versus MP among patients who received any novel agents as subsequent therapy (Fig 2D; median 27.8 v 26.3 months; HR, 0.891; P ϭ .55) and among patients who received subsequent thalidomide and lenalidomide but no bortezomib (median 27.8 months v not reached; HR, 0.766; P ϭ .35).
VMP Subgroup Analyses
Within the VMP arm, OS was longer among patients age younger than 75 versus Ն 75 years (HR, 1.664; P ϭ .011; 3-year OS: 74.1% v 55.5%; Fig 4A) . By contrast, there were no statistically significant differences although there were trends to longer OS among patients with creatinine clearance Ն 60 versus fewer than 60 mL/min (HR, 1.291; P ϭ .238; 3-year OS: 74.5% v 63.1%; Fig 4B) , and patients with standard risk versus high-risk cytogenetics (HR, 1.346; P ϭ .399; 3-year OS 71.6% v 56.1%; Fig 4C) .
Novel agents received as part of subsequent therapy according to age, baseline creatinine clearance, and cytogenetics are summarized in Appendix Table A4 (online only). Survival from start of subsequent therapy appeared shorter among patients with creatinine clearance shorter than 60 versus Ն 60 mL/min who received subsequent thalidomide and lenalidomide but no bortezomib (Appendix Fig A2A, online only) ; no difference was apparent among the small number of patients who received subsequent bortezomib but no thalidomide and lenalidomide (Appendix Fig A2B) . TNT was similar between patients with high-risk versus standard-risk cytogenetics (median 24.1 v 27.4 months; HR, 1.478; P ϭ .17); survival from start of subsequent therapy appeared similar between cytogenetic risk groups among patients who received any subsequent novel agent-based therapy (Appendix Fig A2C) but substantially shorter in two high-risk (6 and 15.5 months) versus 17 standard-risk patients (median, 30.8 months) who received no subsequent novel agents.
Safety
Safety profiles were similar to those reported at the initial analysis. 15 Rates of on-study deaths were similar between the VMP (n ϭ 19; 6%) and MP (n ϭ 14; 4%) arms, including 2% treatment-related deaths on each arm. Rates of treatment discontinuation due to AEs remained similar (15%/14% in the VMP/MP arms). Grade 3/4 AEs that occurred at an incidence of Ն 5% in either arm are presented in Table 2 .
The rate of peripheral neuropathy with VMP was almost identical to that reported at the initial analysis. 15 After prolonged follow-up, 79% of peripheral neuropathy events had improved/resolved within a median of 1.9 months, while 60% completely resolved within a median of 5.7 months. Among 159 patients who had peripheral neuropathy while receiving VMP, 21 (13%), 36 (23%), and 39 (25%) have received subsequent bortezomib-, thalidomide-, and lenalidomidebased therapy, respectively, compared with 22 (12%), 45 (24%), and 18 (10%), respectively, of the 185 patients who did not report peripheral neuropathy. Among 21 patients who had peripheral neuropathy during VMP therapy and subsequently received bortezomib-based therapy, 16 (76%) had at least one event improved/resolved, including 12 (57%) with at least one event resolved, by the start of subsequent therapy.
VMP and MP safety profiles by treatment cycle are summarized in Table 3 . Rates of AEs were higher with VMP versus MP during cycles 1 to 4, but similar during cycles 5 to 9. Rates of AEs, grade Ն 3 AEs, serious AEs, and discontinuations due to AEs in the VMP arm were lower during cycles 5 to 9 compared with cycles 1 to 4. In the MP arm, rates of grade Ն 3 AEs and discontinuations due to AEs were similar in cycles 1 to 4 and cycles 5 to 9.
DISCUSSION
The results of this updated analysis of the international phase III VISTA trial after prolonged follow-up (median, 36.7 months) confirm that VMP results in significantly longer OS compared with MP in previously untreated patients with MM who are ineligible for highdose therapy. This OS benefit was seen consistently across patient subgroups predefined by baseline characteristics, including age, disease stage, and creatinine clearance. This confirmed survival advantage represents an important finding, as an OS benefit has not been consistently reported in other studies of novel agent-based regimens versus MP. For example, an OS benefit was reported in two studies of MPT versus MP by the Intergroupe Francophone du Myélome, 4,9 but not in three other similar phase III studies.
6,10,11 One reason suggested for the lack of OS benefit with MPT was the confounding impact of subsequent therapies containing novel agents in patients receiving MP upfront.
6,11
However, in VISTA, the OS benefit with VMP versus MP was seen both overall and in an analysis restricted to patients who had received subsequent therapy, despite 50% of patients treated with MP being rescued with bortezomib-based therapy in the relapsed setting. Indeed, this benefit was retained with VMP versus MP followed by bortezomib as second-line therapy. Thus, our results indicate that using bortezomib-based treatment in the first-line setting provides greater survival benefit to patients compared with the approach of administering first-line treatment with conventional agents and saving bortezomib-and other novel agent-based treatment for salvage.
Patients receiving VMP experienced greater clinical benefit versus those receiving MP in terms of TNT and TFI. Among patients who had received subsequent therapy, taking into consideration potential differences in the order in which subsequent therapies were received, as well as the possible confounding factor of the different proportions Abbreviations: VMP, bortezomib, melphalan, and prednisone; MP, melphalan and prednisone; NA, not assessable.
‫ء‬
Data represent discontinuation of all treatment; in addition, 19% of VMP patients discontinued bortezomib but remained on MP, 15% and 4% during cycles 1-4 and 5-9, respectively. of patients on each arm who had received subsequent therapy, response rates to subsequent thalidomide-and lenalidomide-based therapies appeared similar between arms. Furthermore, re-treatment with bortezomib-based therapies after VMP was effective; the 47% response rate reflects similar findings in studies of bortezomib-based re-treatment in relapsed MM. [18] [19] [20] [21] [22] As might be expected, the response rate to subsequent bortezomib-based therapies appeared somewhat higher in bortezomib-naïve patients after MP (59%). Survival from start of subsequent therapy was not shorter, and may even be longer, among patients randomly assigned to VMP versus MP (median 30.2 v 21.9 months). Importantly, there was no difference between arms in survival from start of subsequent therapy among patients who received any subsequent novel agents. Our findings indicate that patients relapsing after bortezomib-based therapy are not intrinsically more resistant to subsequent therapies, and can be as successfully treated with subsequent immunomodulator-based therapies, compared with those relapsing after traditional chemotherapy with MP; VMP treatment does not appear to select a more resistant clone.
Within the VMP arm, OS was longer among patients younger than 75 versus Ն 75 years, reflecting the expected adverse impact on survival of advanced age. Nonstatistically significant differences in OS were seen among patients treated with VMP with or without renal impairment and high-risk cytogenetics. Notably, OS curves appeared similar until approximately 24 to 28 months (median TTP/TNT), and subsequently appeared to show greater divergence with a trend to shorter OS for patients with adverse characteristics. Regarding this apparent impact of renal impairment, our findings indicated that among patients treated with VMP who received subsequent therapy including thalidomide and lenalidomide but not bortezomib, survival from start of subsequent therapy was longer in patients with creatinine clearance Ն 60 versus lower than 60 mL/min. By contrast, survival did not appear affected by renal function among patients who received subsequent bortezomib but not thalidomide and lenalidomide. However, these are retrospective analyses, and should thus be interpreted with caution. Regarding outcomes among patients treated with VMP with high-risk cytogenetics, we observed similar survival from start of subsequent therapy among 15 high-risk and 57 standard-risk patients who received novel agent-based rescue therapies. Thus, a possible interpretation of the trend toward shorter OS among patients with high-riskversusstandard-riskcytogeneticsisthattherewasatrendtoward earlier receipt of subsequent therapy in high-risk patients, and that two of 17 high-risk patients were not exposed to novel agents after relapse and had notably poor survival from start of subsequent therapy. However, the small number of patients treated with VMP with high-risk cytogenetics precludes drawing any firm conclusions. At the initial analysis, response rates and TTP with VMP were similar among patients with or without these adverse characteristics. 15 Overall, our findings reflect those from a pilot phase I to II study of VMP 23 and preliminary data from other phase III studies of modified VMP regimens, 24, 25 in which high-risk cytogenetics did not affect response rates, 23-25 TTP, 23 or PFS. 25 Similarly, high-risk cytogenetics did not affect response rates with other bortezomib-based regimens in previously untreated patients with MM. [26] [27] [28] [29] At this updated analysis, after completion of therapy among 80 patients who were ongoing at the initial analysis, the overall safety profiles of VMP and MP were essentially unchanged. VMP was generally well-tolerated, with manageable toxicities. Our analysis of treatment-emergent AEs by treatment cycle demonstrated that toxicities associated with VMP were substantially lower during cycles 5 to 9 versus cycles 1 to 4 and similar to those associated with MP. Thus, while initial substantial tumor-burden reduction with twice-weekly bortezomib during cycles 1 to 4 was associated with somewhat more frequent toxicities with VMP versus MP, tolerability was improved and comparable to MP during weekly bortezomib maintenance (cycles 5 to 9), with improved responses and an increased CR rate from the end of cycle 4. 30 Regimens using weekly bortezomib dosing schedules are currently under investigation 24, 25 and showing a clear reduction in toxicity, but longer follow-up is needed to confirm if efficacy is maintained.
After prolonged follow-up, the rate of improvement or resolution of peripheral neuropathy events on the VMP arm was 79%, demonstrating that this toxicity is reversible in the majority of cases. Indeed, 60% of events had resolved completely to baseline by data cutoff, within a median of 5.7 months. Our findings are supported by data on reversibility of peripheral neuropathy with single-agent bortezomib in first-line 31 and relapsed 32 MM. In conclusion, this updated analysis of VISTA supports the strategy of using bortezomib-based treatment as first-line therapy instead of as salvage after upfront conventional therapy. Our results confirm the significant survival benefit and the other clinical benefits of TNT and TFI with VMP versus MP. The survival benefit was demonstrated even with the use of subsequent novel agent-based therapies in patients treated with MP alone upfront. Indeed, salvage therapies appeared similarly effective in patients initially randomly assigned to VMP or MP, demonstrating that the use of bortezomib upfront does not preclude the successful use of novel agents at relapse. Moreover, postrelapse survival even appeared longer after VMP, indicating that first-line bortezomib use does not induce more resistant relapse.
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